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The study of how ecosystems are affected by various sources of pollution is a prominent 
topic of research. An often overlooked aspect of ecosystem functionality and health is the 
diversity and prevalence of the parasitic community. Intestinal parasites are often the adults of a 
species that require multiple hosts throughout their life cycle and can potentially be an indicator 
of ecosystem health and diversity. Eastern Kentucky is home to streams that suffer impairments 
from a variety of sources including agricultural runoff, straight pipe sewage, and drainage from 
coal mining. Minnows are common throughout streams of eastern Kentucky and can be host to 
several species of macroscopic intestinal parasite. Six streams were selected, two of relatively 
good water quality, and four that were considered impaired. Minnows collected from these 
streams and their intestinal parasite communities were analyzed for diversity and abundance, and 
compared to water quality measurements and pollution sources in those streams. Diversity of 
both minnows and parasites was determined by use of inverse Simpson Indices. The water 
 
 
quality in each stream varied considerably. Streams with impaired by agricultural runoff had 
higher mean parasite loads that those without. Parasite Inverse Simpson Indices were compared 
to a common proxy for stream health in Kentucky, the Kentucky Index of Biotic Integrity 
(KIBI). Parasite diversity and mean number of parasites per fish also varied with sources of 
pollution. Digeneans and Nematodes, two parasite species with free living life stages, were 
absent entirely from streams in the North Fork Kentucky River Watershed, an area strongly 
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Fish Parasites as Indicators of Ecosystem Health 
Parasites are good indicators of ecosystem health because they are ubiquitous through natural 
systems and are a major part of food webs (Marcogliese, 2005).  Parasites often are ignored by 
ecologists examining energy flow in food webs. This neglects the potentially important contributions 
adding or removing parasites has on the entire energetic dynamic of the food web (Sukhdeo, 2012).  The 
inclusion of parasites as predators in a food web results in traditional predators being considered 
intermediate species (Thompson et al., 2005).  Although parasites are feeding off the host, they are not 
typically included as predators in food webs (Lafferty et al., 2008).  Nonetheless, the infection may cost 
host species energy.  A host’s energy losses could lead to eventual death or reduced reproductive 
success by ancillary actions such as reducing predator avoidance ability, reducing body color, or 
modifying behavior necessary to attract a mate (Folstad and Karter, 1992; Johnson et al., 1999; Boyce, 
1979; McLennan and Brooks, 1991, Shaw et al., 2009; Vyas et al., 2006). Parasites existing within their 
host have a range of effects on the host, from extracting fairly insignificant calories, to being entirely 
pathogenic and causing great harm and possibly death to its host (Horwitz and Wilcox, 2005). However, 
studies have shown even parasites with relatively low energetic costs can, over time, have great effects 
on host health (Booth et al., 1993). These energy costs to hosts are an integral part in population control 
and maintenance and can keep ecosystems in balance (Anderson and May, 1978; Dobson, 1988; 
Holmstad et al., 2005; Kuris and Lafferty, 1992).  
Most studies of ecosystem health assess some component of diversity (Feng et al., 2014; 
Simberloff, 2005). Parasite diversity could provide a good integrative measure of ecosystem function. A 
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high diversity of parasite species is indicative of other species, as parasites’ life cycles often require a 
number of hosts that are either specific at each level of development or cover a broad range of hosts 
(Voutilainen, 2009).  At each different stage, parasitic species can require vastly different environmental 
conditions to proceed to maturity. Studies have shown that a variety of factors such as temperature, pH, 
and heavy metal concentrations are important for transmission to hosts from free-living stages for 
parasitic species. Temperature can be important to survivability and infectivity for free-living stages 
(Evans, 1985). Stream pH and salinity also have effects on the free-living stage survival (Peitrock and 
Marcogliese, 2003).  Heavy metals have a universally negative effect on the survival of trematode 
cercariae (Cross et al., 2001; Peitrock et al., 2002; Reddy et al., 2004). Thus, each stage could be an 
indicator of different environmental health status and a system lacking adults could indicate 
environmental conditions not suitable for intermediate or definitive host species, or earlier free living 
life history stages (Mackenzie, 1999).  Part of a healthy ecosystem will include at least some parasitic 
species, each requiring their own range of host species to survive and propagate. Some studies suggest 
water pollution leads to an increase in pathogenic parasites and a decrease in those that cause little 
harm (King et al., 2010; Poulin, 1992). 
The use of parasites as indicators of ecosystem health is not a new idea.  A review by Sholz and 
Choudhury (2013), documents the rise of use of parasites as indicators during the 20th century, and a 
subsequent decline in their use in recent years.  In aquatic ecosystems, parasites may respond positively 
to poor water quality due in part to reduced immune responses by the host (King et al., 2010; 
Koprivnikar et al., 2006; Sanchez-Ramirez et al., 2007). Some parasite species may respond negatively to 
poor environmental conditions, due either to decreased presence of intermediate hosts or by being 
directly affected at larval, free living, or parasitic stages (Reddy et al., 2004).  In a system where more 




Pollution and Fish Parasites 
Parasites in aquatic ecosystems are altered by eutrophication and urbanization (Bhuthimethee 
et al., 2005), polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), or heavy 
metals (Sanchez-Ramirez et al., 2007).  Alteration of waterflow has also been shown to decrease fish 
parasites species richness when wetlands were altered to increase habitat for waterfowl (Bertrand et al., 
2010). In rivers and streams polluted by agricultural and sewage runoff, nitrate, phosphate, pH, and 
conductivity are expected to be higher than in streams that are not impacted (Wetzel, 2001).  Analysis of 
these measures could help elaborate the relationship pollution sources have on parasitism.   
Freshwater fish parasite biodiversity seems to be heavily impacted by water pH.  Halmetoja et 
al. (2000) compared parasite communities in lakes of differing acidity.  They found that internal cestodes 
and flukes preferred nearly neutral lakes (pH≈6.4), while acanthocephalans were more prevalent in 
more acidic reservoirs (pH≈5.0). They also found fish parasite biodiversity decreased in the more acidic 
reservoirs.  Coal mine drainage is a common source of water quality impairment in southeastern 
Kentucky.  Coal mine drainage has been known to significantly alter pH, pushing it below 4.0 in some 
cases, while also modifying other measures of water quality, especially in small streams near the source 
(Powell, 1988). Larval free-living stages can be very sensitive to any shift in environmental conditions 
including raising or lowering the pH (Reddy et al., 2004) 
In sites that are mainly polluted from mining discharge, iron and sulfate have been known to 
have higher concentrations with a lower or higher pH depending on the mining source location (Tiwary, 
2001). Pond et al. (2008) found that in southeastern Kentucky pH could increase with coal mining 
discharge because of limestone disruption.  All of these factors could vary greatly depending on the 
extent of coal mining in the area and geological composition. Peitrock and Marcogliese (2003) 
summarize how any alteration in optimal pH can influence free-living parasite survival. In some cases 
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free-swimming digenean life cycles can exhibit some tolerance to low or high pH, but is variable 
between species (Nollen et al., 1979). 
Kentucky’s surface waters provide an ideal location to assess how water quality affects internal 
fish parasite communities. According to reports by Kentucky Division of Water, 3008.15 km of streams 
are impaired by coal mine drainage, 6947.65 km impaired by agricultural runoff, and 518.85 km are 
impaired by straight pipe sewage and other forms of waste disposal.  The 2010 Kentucky 303b report 
indicates that numerous streams are impaired by more than one source of pollution. About 64% of the 
eastern Kentucky surface streams assessed by the 303b report of are considered impaired. Impairment 
as widespread as that in Kentucky calls for a greater understanding of the ecosystems and how they are 
being impacted. A study focused on parasites and their relationship to water quality can further 
illustrate the damage being done to Eastern Kentucky habitats on a scale that has not been examined 
before. 
Goals and Objectives 
This study is a preliminary survey of intestinal parasite prevalence in Kentucky streams with 
various water quality perturbations. The goal of this study is to determine the relationship between 
intestinal parasite loads in various minnow species and water quality.  Minnows are a good species for a 
parasite survey because they are widespread in streams of Kentucky (Burr and Warren, 1986), and are 
relatively easy to collected and dissect (Overstreet, 1997).  Streams either had input from agricultural 
runoff from crops and pasture grazing, coal mine drainage, or domestic waste contamination. We 
examined relationships among parasite diversity in minnows collected at our sites and overall parasite 
loads to measures of water quality. Based on previous research, we hypothesize that minnows from 
more polluted streams would have higher intestinal parasite loads (parasites per host) but lower 
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community species richness. This study will provide preliminary data to clarify how minnow intestinal 




Materials and Methods 
Site Description 
Six streams of with similar drainage areas were chosen for sampling (Table 1, Figure 1). Study 
sites were chosen so that surrounding environment would be similar if it weren’t for human activity in 
the watershed. Streams that had no indications of impairment were treated as having good water 
quality, while streams identified as impaired (KDOW, 2010) were considered to be of poor water quality 
in this study. Three sites, one unimpaired and two impaired, were in the Licking River (LR) drainage.  The 
other three sites, one unimpaired and two impaired, were in the North Fork Kentucky River drainage 
(NFKR).  The unimpaired sites are: 
Devils Fork (LR) –The drainage area is about 29.0 km2. Devils Fork was a 13.68 km stream that 
flows into North Fork Licking River in Morgan County. Sandstone, shale, and quartz are the 
primary rock types in the catchment area. Soils consist of sandy loam and rock outcrops of 
sandstone. It is not frequently near any major or minor road. Stream alternates between quick 
flowing riffles with rocky bottoms and slow moving pools with sandy bottoms. At the collection 
site, the stream was 0.5 to 1.0 m deep and 4-8 m wide. 
Middle Fork Quicksand Creek (NFKR) – Sandstone, siltstone, shale, chert, and subordinate 
limestone are the primary rock types covering a drainage area of about 30.4 km2. Middle 
Quicksand is 16.09 km long. It runs along Middle Quicksand Road in Knott County, KY. Middle 
Quicksand is shallower than other study sites and consists mainly of slow moving shallow pools, 
with riffles every 50 m. This stream typically had a sandy bottom. The stream was 5-6 m wide at 








Four streams labelled as Warmwater Aquatic Habitat (WAH) impaired selected for collection were: 
Rock Fork – The drainage area is about 26.1 km2. Shale and sandstone are the primary rock types 
present in the watershed.  Soils are moderately well-drained silt loam. Rock Fork is part of the 
Licking River watershed and runs along Big Perry Road in Rowan County, KY.  The stream bed 
consists mainly of flat rock and gravel, and current alternates between riffles and pools 
regularly.  The stream is impaired by nutrient enrichment from nearby agricultural runoff from 
crop production and by streambed dredging.  At the collection site, Rock Fork was 0.5 – 1 m 
deep and 5 – 7 m wide.  
Beaver Creek– Sandstone, shale, and limestone are the primary rock found in the 32.3 km2 
watershed.  The soil is well drained, mostly sandy silt loam and gravelly silt loam.  This is the only 
stream identified as impaired by nearby cattle farms, and no other agricultural runoff is 
mentioned in the Water Quality Assessment report.  The watershed drains to a 7.06 km long 
portion of creek that runs along KY 1274 in Menifee County, KY.  The stream alternates between 
slow moving pools and quick shallow waters, the stream bed is mainly gravel and sand in pools 
with cobblestones in riffles.  During our collection, Beaver Creek was 0.5 – 1 m deep, and 3 – 8 
m wide. 
Carr Fork – Shale and sandstone are the primary rock types found in the surrounding land.  The 
drainage area of Carr Fork at the sampling sight was 29.6 km2. The soil is well drained, with very 
stony, silt loam in the majority of the area. It varies in width and depth throughout the collection 
locations and alternates between slow moving pools and fast moving shallow waters. Carr Forks 
stream bed is primarily sand and silt. Carr Fork was between 0.5 m and 1 m deep and 3-6 m 
wide at the collection site. Carr Fork is a primary and secondary contact impaired area. Pollution 
in the stream is classified as unspecified domestic waste, high specific conductance, total 
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suspended solids (TSS) from coal mining discharges (Permitted), mountaintop mining, and 
surface Mining.  
Balls Fork (NFKR) – The drainage area of Balls Fork is 34.4 km2. Sandstone, shale, siltstone, and 
clay are the primary rock types in the area. The soil is classified as well-drained stony silt loam. 
The stream is classified as impaired by the EPA. Sources of pollution include runoff from surface 
mining and post-development erosion. The stream bed consists mainly of sand and silt with 
some large cobblestones. At the collection site, Balls Fork had mainly slow moving water that 
was 0.2 to 0.7 m deep, and 5-8 m wide. 
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Geology Soil Impairments Source of Impairment 
Devils Fork 29 
sandstone, shale, 
and quartz 
sandy loam and 
rock outcrops 
unimpaired unimpaired 
Middle Quicksand 30.4 
sandstone, siltstone, 
shale, and limestone 
channery loam unimpaired unimpaired 
Rock Fork 26.1 sandstone and shale silt Loam eutrophication 
crop production and 
dredging 









Balls Fork 34.4 
sandstone, shale, 
siltstone, and clay 
stony silt loam 
sedimentation and 
total dissolved solids 
crop production, pasture 
grazing, surface mining 
Carr Fork 29.6 shale and sandstone stony silt loam 
specific conductivity, 
fecal coliforms 





Water Quality Measurements 
      In the field, measurements were taken of stream water pH, conductivity, and temperature 
using a multiparameter datasonde. Probes were calibrated 2 hours prior to sampling for pH using 
standards at pH 4.00 and 7.00 and conductivity using a 718 μS*cm-3. Grab samples were taken for water 
chemistry analysis when the streams were at or near base flow using acid washed Nalgene bottles.  
All sample collections were conducted after periods of little to no precipitation. 
Total phosphorus (TP) was measured and dissolved nutrients were analyzed after filtering water 
samples through a pre-combusted 0.45 µm glass fiber filter (Wathman 934AH). Alkalinity was 
determined as mg*L-1 CaCO3 by 0.02 N sulfuric acid titration to the appropriate Bromocresol Green-
Methyl Red end point (Thomas and Lynch, 1960; Cooper, 1941). Soluble reactive phosphate (SRP) was 
measured using a modified ascorbic acid technique (Murphy and Riley, 1962) and a variation of the 
cadmium reduction method (Wood et al., 1967) was used to test for nitrate. The turbidimetric method 
was used to determine sulfate concentration (Sheen et al., 1935). Iron concentration was found using a 
modified phenanthroline method (Caldwell and Adams, 1946). Ammonia was determined using 
modified Nesslerization (Jenkins, 1967). A persulfate digestion was used for TP (Menzel and Corwin, 
1965). 
Minnow Collection 
 Sampling started in March 2014 and continued until June 2014. Fish were caught using 
either a 4.3 X 1.8 m, 5 mm mesh seine or electroshock backpack fishing (Mercado-Silva and Escandon-
Sandoval, 2008). Fish were identified to species in the field by Dr. David Eisenhour when necessary. All 
minnows caught were identified and enumerated, but not all were retained for dissection. Any rare or 
uncommon species were released back into the stream unharmed. We tried to retain multiple 
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individuals from species shared by both the impacted and control sites. Minnows were placed in aerated 
coolers for transport back to the lab at Morehead State University for dissection and parasite analysis. 
Minnows were euthanized in a 0.5 g*L-1 MS-222 solution, then decapitated to ensure death (Hoffman, 
1999).  
Parasite Collection and Identification 
 Fish intestinal tracts, from the stomach to the anus, were removed.  Each intestine was analyzed 
for the presence of adult macroparasites that were then either teased out of the intestinal wall or 
picked out of the lumen, and identified to phylum. Parasites were stored in 70% ethanol until they could 
be further identified.  Staining and mounting techniques followed Dailey (1996): Platyhelminthes and 
Acanthocephalans were stained in Semichon’s acetic-carmine, cleared in methyl salicylate, and mounted 
on slides using permount mounting medium for microscopic examination; Nematodes were mounted in 
glycerol to allow microscope analysis to determine genera. Identifications were made to the lowest 
taxonomic order possible, within the constraints and complications during dissection and preparation.  
Keys used for identification included Anderson et al., (2009); Schell (1970); Khalil et al., (1994); Hoffman 
(1999); Gibson et al., (2002).   
Data Analysis 
 Statistical analysis was completed using MINITAB software. First, the data was checked 
for normality. We examined differences in water quality parameters between the different sampling 
sites. For parametric data, mean water quality measurements were compared between sites with 
ANOVA, and Tukey’s pairwise comparisons were utilized for nonparametric data. We chose a 0.05 level 
of significance (p<0.05) for all statistical tests.   
Community diversity was computed and compared using variety of common methods. We used 
rank abundance curves of minnow intestinal parasites in streams Licking River Watershed to elucidated 
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species richness and evenness (North Fork Watershed did not produce enough species to allow this 
comparison). To determine diversity of the minnow community, and minnow intestinal parasite 
community, we used the inverse Simpson Index (Simpson, 1949; Keefe and Bergerson, 1977). For each 
collection, fish community health was assessed using the Kentucky Index of Biotic Integrity (KIBI), using 
the species composition and abundance data recorded at the time of collection (Compton, 2003).   
 Linear regressions were used for three types of comparisons: 1) mean number of individual 
parasites per fish were compared to different measures of water quality; 2) parasite diversity changes 
were compared with nutrient concentrations; and 3) different methods of measuring diversity (KIBI and 
minnow Inverse Simpson’s Diversity) were compared to parasite diversity--in order to determine if 







 There was considerable variability in nutrient concentrations among streams sampled (Table 2).  
Devil’s Fork and Rock Fork had similar alkalinity but Beaver Creek (92.2 mg CaCO3*L-1) was higher. 
Alkalinity (Figure 2A) was significantly different at all three North Fork Kentucky River sites, Middle 
Quicksand creek was lowest (54.2 mg CaCO3*L-1). Alkalinity at Carr Fork was the highest (134.5 mg 
CaCO3*L-1) but was also high at Balls Fork (114.9 mg CaCO3*L-1).  Conductivity (Figure 2G) was 
significantly higher in the North Fork watershed than in the Licking River. Balls Fork had an average 
conductivity of 1224.33 (±39.11) throughout the study, which is by far the highest, almost doubling that 
found in Carr Fork waters.  Sulfate (Figure 2H) was similar between all Licking River sites but significantly 
different between every stream in North Fork Kentucky River sites (p<0.05). Sulfate from Balls Fork was 
incredibly high, each measure near or above 600 mg*L-1.  Carr Fork also had high mean sulfate values as 
seen with a mean of 162.2 (±8.71) mg*L-1. 
Total phosphorus (Figure 2B) was not statistically different between any reference site and 
polluted site (p<0.05). Total phosphorus at Rock Fork (545 μg*L-1) was statistically higher than Beaver 
Creek and had the highest mean TP of any site but was not significantly higher than any other site.  
Nitrate (Figure 2C) was significantly higher in the North Fork Kentucky River watershed sites (113 μg*L-1) 
than in the Licking River sites (50 μg*L-1), though neither measure is unusually high for the area. Balls 
Fork (130 μg*L-1) and Carr Fork (137 μg*L-1) both had significantly higher nitrate concentrations than 
Middle Quicksand Creek (72 μg*L-1).  In the Licking River watershed, nitrate was similar at all three sites 
but Rock Fork (67 μg*L-1) was higher than both the reference site, Devils Fork (57 μg*L-1), and Beaver 
Creek (40 μg*L-1).  Ammonia (Figure 2D) was similar in the three streams of the North Fork watershed 
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but those streams had a higher ammonia concentration than the Licking River streams.  Within the 
Licking River watershed, ammonia concentration was higher in Rock Fork than in either Beaver Creek or 
Devils Fork but not statistically significant. Balls Fork had higher ammonia (198 μg*L-1) than any other 
site.  There was no significant difference between mean SRP of any two locations within the same 
watershed, and no significant difference between watersheds (Figure 2E).  Mean pH was higher in North 
Fork (7.82) than in Licking River sites (7.51), but not statistically significant. In the case of ammonia, 
sulfate, and conductivity, the significance is largely due to high concentrations found in Balls Fork as 
seen in Figure 2.  Iron concentrations at Devil’s Fork (84 μg*L-1) were higher than those at Beaver Creek 
(37.2 μg*L-1) but not Rock Fork (50.7 μg*L-1).  Our reference site for the North Fork Kentucky River 
watershed, Middle Quicksand Creek, had significantly higher iron concentrations (231 µg*L-1) than either 
Balls Fork (35 µg*L-1) or Carr Fork (63 µg*L-1), which were significantly different (Figure 2F).  
Minnows Diversity 
 In streams of eastern Kentucky, 345 minnows of 11 species were collected. Minnows dissected 
included 11 Notropis photogenis; 15 N. stramineus; 52 N. buccatus; 1 N. boops; 25 Pimephales notatus, 
40 Semotilus atromaculatus; 13 Lythrurus faciolaris; 6 L. umbratalis; 147 Luxilus chrysocephalus; 16 
Cyprinella spiloptera; and 19 Campostomum anomalum were dissected from streams.  Only five species, 
N. buccatus, N. stramineus, L. chrysocephalus, S. atromaculatus, and L. fasciolaris, were found to have 
intestinal infections.  The inverse Simpson Indexes for the streams indicated high minnow species 
diversity at each location (Table 3).  Middle Quicksand Creek minnow diversity was statistically similar to 
that of Balls Fork and Carr Fork (p<0.05).  All three Licking River collection sites had significantly different 





Figure 2. Mean nutrient concentrations and conductivity from six samples each for Devils Fork (DF), 
Middle Quicksand Creek (MQ), Rock Fork (RF), Beaver Creek (BC), Carr Fork (CF) and Balls Fork (BF). 
Different letters represent significantly different means (Tukey Pairwise comparisons, p<0.05), no 




























































































































Table 2. Mean concentration (mg*L-1) of dissolved nutrients and total phosphorus, conductivity and pH for streams sampled in eastern Kentucky.   
Site 
NO3 (µg*L-
1) NH3 (µg*L-1) SRP(µg*L-1) Fe(µg*L-1) SO4 (mg*L-1) 
Alkalinity 
(mg CaCO3*L-1) pH 
Conductivity 
(µS*cm-3) TP(µg*L-1) 
Unimpaired:          
Devils Fork 57 (±19) 46 (±24) 119 (±49) 84 (±44) 22.9 (±1.22) 13.9 (±3.47) NA 80 (±0.00) 405(±152) 
Middle Quicksand 72 (±8) 71(±40) 198 (±173) 231 (±14) 31.2 (±5.14) 54.2 (±7.07) 7.54 (±0.27) 170.5 (±14.1) 458 (±71) 
Impaired:          
Rock Fork 67(±27) 73 (±25) 105 (±83) 51 (±8) 15.2 (±0.63) 9.57 (±3.89) 7.02 (±0.04) 97.3 (±31.5) 545 (±168) 
Beaver Creek 40 (±0) 38 (±28) 79 (±24) 37 (±18) 21.2 (±2.83) 92.2 (±12.79) 7.76 (±0.68) 240.5 (±37.1) 320 (±49) 
Balls Fork 130 (±14) 198 (±169) 108 (±78) 35 (±10) 602.8 (±14.85) 114.9 (±2.72) 8.04 (±0.20) 1224.3 (±39.1) 398 (±75) 
Carr Fork 137 (±10) 65(±49) 129 (±31) 63 (±18) 164.2 (±8.71) 134.5 (±4.15) 7.91 (±0.22) 609.2 (±29.4) 430 (±88) 
North Fork Streams 113 (±32) 112 (±117) 145 (±112) 110 (±90) 266.1 (±251.5) 101.19 (±35.5) 7.82 (±0.31) 668 (±445) 429 (±78) 
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 The mean number of parasites per fish was higher in streams impacted by crop production 
alone and lower in streams impacted exclusively by coal mining (Figure 3).  Overall infection rates of 
parasites in intestines of minnows was 27.0%, but varied considerably between sites. Beaver Creek 
(34.6%), and Rock Fork (36.4%) had higher rates of intestinal infection than Devil’s Fork (19.4%) as seen 
in Table 3.  The infection rates in Carr Fork (9.2%) and Balls Fork (20.9%) were lower than that of Middle 
Quicksand Creek (33.3%).  Balls Fork had the highest load per fish at 1.512 macroparasites per fish but 
the majority of individuals came from three parasitized Lythrurus faciolaris.  Luxilus chrysocephalus and 
Lythrurus faciolaris had the highest prevalence of intestinal macroparasite infection with 50.3 % and 
61.5%, respectively.  Mean intestinal parasites per fish were not significantly different because most fish 
lacked intestinal parasites; more than 60% of fish at each site, were without intestinal parasites. 
Intestinal parasite loads were compared to various water chemistry measures between sites.  There was 
no statistically significant relationship between parasite loads per fish and NO3-, SRP, TP, SO4, iron, 
ammonia or alkalinity (Appendix A).  
 
 

















Load per Fish 
Devils Fork 11 31 19.4% 0.36 
Middle Quicksand 40 48 33.3% 0.79 
Rock Fork 101 77 36.4% 1.34 
Beaver Creek 66 81 34.6% 0.82 
Carr Fork 12 65 9.2% 0.19 
Balls Fork 65 43 20.9% 1.51 





Specimens from three phyla were recovered from minnow intestines, Acanthocepha, 
Nematoda, and Platyhelminthes (Appendix B).  Classes Digenea and Cestoda from the phylum 
Platyhelminthes were by far the largest group parasitizing intestines of minnows in this study.  The 
cestodes were represented by 3 genera, 2 of these were in order Caryophyllidea and one in 
Pseudophylidea, with 2 and 1 genera represented, respectively.  The digeneans were only represented 
by two families, Allocreadidae and Cryptogonimidae and two genera.  Only seven total 
acanthocephalans were found and all belonged to the same genus, Paulisentis.  Nematodes were slightly 
more abundant with 17 total individuals recovered, nine from the genus Rhabdichona and eight from an 
unidentified genus. 
 There were no flukes or nematodes recovered from any specimen in the North Fork Kentucky 
River watershed and only three genera were represented, the cestodes Archigetes and Bathybothrium 
and the acanthocephalan genus Paulisentis.  Inverse Simpson Indexes for parasites were low in all three 
locations, but highest in Middle Quicksand Creek (1.34) where the only Paulisentis were found and 
Archigetes was present.  In Balls Fork, two genera of cestodes were found, Archigetes and 
Bathybothrium, (Inverse Simpson Index = 1.13). In Carr Fork only one genera was found, Archigetes, and 
only 10 specimens recovered, so the Inverse Simpson Index was 1.00. Overall diversity in this watershed 
was lower than that of the Licking River. Middle Quicksand Creek had a significantly higher diversity than 
Carr Fork but not significantly higher than Balls Fork, which were similar.  
The Licking River watershed had seven genera across three phyla. Infections in three Licking 
River sites were limited to S. atromaculatus and L. chrysocephalus. A rank abundance curve for streams 
in the Licking River watershed shows Beaver Creek’s species richness and evenness is seemingly the 
highest (Figure 5).  In Devils fork there was a relatively even distribution of genera: four Allocreadium, 
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four Textrema, an Archigetes cestode, and two nematodes of the same genus.  Devils Fork also had the 
highest Inverse Simpson Index of 4.23.  In Rock Fork, the Inverse Simpson Index was 1.63 because of the 
relatively high abundance of Allocreadium, with 73 individuals dominating the minnow intestinal 
parasite community. However, five genera were represented, the latter four representing a much 
smaller portion of the community, (Textrema, Archigetes, Monobothrium, and nematodes from the 
same genus, Rhabdichona). Beaver Creek’s diversity was second highest at 3.84, 30 individuals in the 
genus Allocreadium, and four Textrema specimens, also there were four Archigetes and eight 
Monobothrium, one Paulisentis acanthocephalan, and 13 Nematodes, five from the genus Rhabdichona 
and eight that are accidental parasites (Hoffman, 1999). Intestinal minnow parasite diversity was 


























Figure 5. Rank Abundance Curves on a Log scale for Devils Fork, 







Table 4. Parasite diversity, load, and fish diversity of streams of different 
sources of water quality impairment. 







Devils Fork Control 4.23 0.36 2.27 
Middle Quicksand Control 1.34 0.79 4.42 
Rock Fork Crop Production 1.63 1.34 4.06 
Beaver Creek Pasture Grazing 3.84 0.82 2.95 
Carr Fork Coal Mining 1.00 0.19 5.45 
Balls Fork 
Coal Mining, Crop 
Production, 
Pasture Grazing  
1.13 1.51 4.35 

































Kentucky Index of Biotic Integrity 
 KIBI analysis suggests the streams had a range of fish community quality (Table 5). Reference 
streams KIBI were both assessed as “good”, Middle Quicksand Creek scored 64 and Devil’s Fork scored 
66. Rock Fork and Beaver Creek, both scored in the “fair” category with scores of 43 and 47, 
respectively. Licking River sites had higher KIBI scores than either of the impaired North Fork Kentucky 
River sites. The KIBI scores for Carr Fork and Balls Fork ranked as having “poor” water quality with a 
score of 37 and 30, respectively. There was a slight linear correlation between parasite diversity 
(r2=0.290) and KIBI but the relationship was not statistically significant (p=0.27, Figure 7). 
Table 5. Estimated KIBI scores of six eastern Kentucky streams 
Stream KIBI Score Narrative assessment 
Devils Fork 66 Good 
Middle Quicksand Creek 64 Good 
Rock Fork 43 Fair 
Beaver Creek 47 Fair 
Balls Fork 30 Poor 



































Figure 7. Parasite Diversity’s relationship to a common indicator of stream 
health in Kentucky, KIBI.
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 Chapter 4 
Discussion 
Water Quality 
 The water quality data did not provide clear-cut differences we expected between damaged and 
intact streams. The sites affected by mine drainage did not have classic high iron and sulfate 
concentrations, and low pH indicative of more impacted sites. For example, Fennessy and Mitsch (1989) 
found impacted sites in Ohio with mean sulfate concentrations of 1229 mg/L and iron concentrations of 
198 mg/L. Conductivity was high in Balls Fork and Carr Fork. However, lower pH, would have reduced 
our chance of finding fish. Likewise, sites with agricultural waste did not have nitrogen concentrations 
that are as high as the most impacted streams in Kentucky. Streams in the Licking River watershed such 
as Burning Fork and Triplett Creek have had nitrate concentrations of 911 µg/L and 250 µg/L reported, 
respectively (Reeder et al., 2007). Nonetheless, the water quality issues are indicative of chronic 
perturbations with various cycles of mining and agricultural practices over time.  All sites had similar 
geology and soil surrounding the stream (Table 1).  Carr Fork and Balls Fork were both heavily impacted 
by coal mine drainage (KDOW, 2010).  Both streams did typically vary significantly from the reference 
site in the same watershed, Middle Quicksand Creek.  Beaver Creek, an area primarily impacted by 
pasture grazing, was the most similar to Devils Fork in terms of nutrient concentrations, but conductivity 
and alkalinity were significantly higher. Rock Fork did not vary much from the reference site in anything 
other than ammonia and total phosphorus, which is to be expected from a site impacted by local crop 
production causing eutrophication (Wetzel, 2001). 
 The sulfate measures were highest for the North Fork Kentucky River sites, an area impacted by 
coal mining (KDOW, 2010).  All three streams for the North Fork Kentucky River sites were higher than 
any mean concentration for Licking River streams.  Mean sulfate concentration for Eastern Kentucky 
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reservoirs is 47.933 (±34.886) (Davis and Reeder, 2001). Mean sulfate concentration in North Fork 
Kentucky River streams was 266.1 mg*L-1 (±251.5), well above normal (Davis and Reeder, 2001).  High 
sulfate can be considered an indicator of coal mine pollution in the southeastern United States where 
streams had a pH at or above 7 (Rose and Ghazi, 1997).  Rose and Ghazi (1997) also explain how 
dissolved iron can be relatively low despite heavy mine influences, due to its precipitation out of 
solution. Conductivity was also much higher than normal (Davis and Reeder, 2001; KDOW, 2010) in Balls 
Fork and Carr Fork, another indicator of heavy coal mine influence (Herlihy et al., 1990).  
 The main difference between watersheds was the presence of coal mine drainage as a factor in 
stream impact.  Accordingly, the North Fork Kentucky River watershed had significantly higher specific 
conductivity, sulfate concentration, and alkalinity (Sams and Beer, 2000).  The streams in the North Fork 
Kentucky River watershed also had high mean pH but not significantly higher than streams in the Licking 
watershed.  The pH values are higher than the mean pH for the eastern Kentucky region (Davis and 
Reeder, 2001).   According to Palmer et al. (2010), pH rising is not uncommon in certain rock types in 
Middle Appalachia.  
Parasite Loads and Water Quality 
 Fish have a similar immune system in complexity to that of humans, consisting of both an innate 
and acquired immune system (Hart et al., 1988).  Bols et al. (2001) showed how toxins in the aquatic 
environment can decrease responses by the innate immune system.  This translates to an inability of 
fishes under stress from poor water quality to effectively fight off parasitic infection.  Evidence from 
those studies (Bols et al., 2001; Hart et al., 1988) supports the conclusion that intestinal parasite loads in 
fish were expected to be significantly higher in highly polluted areas.  Of our impacted streams, Balls 
Fork, Rock Fork and Beaver Creek had higher mean loads than our reference streams.  
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Mean parasite loads were highest in Balls Fork, the area with the worst water quality according 
to the EPA.  Balls fork is a highly polluted stream with various forms of impairment entering the system 
such as coal mine drainage and input from domestic waste.  There are also problems with 
sedimentation, siltation, and dissolved solids.  The low incidence of fish parasite infection in Balls Fork 
(20.9%) indicated low numbers of parasites in the environment.  We expect this from digeneans because 
their free living life stages, cercariae and miracidia, are sensitive to environmental changes (Reddy et al., 
2004).   Intermediate life stages of parasites often require a specific group of organisms such as 
mollusks, zooplankton, oligochaetes or fish, for early development until they reach the definitive host 
(Wooton, 1957; Hoffman, 1999).  Studies have shown that coal mine drainage reduced oligochaete, 
arthropod, and mollusk communities (Pond et al., 2008). 
Carr Fork, an area known to be impaired from coal mine drainage, had the lowest incidence of 
infection and the lowest parasite load per fish.  This agrees with the idea that coal mining, whether by 
destruction of intermediate species or direct effect on immature stages, could be responsible for 
declines in minnow parasite diversity.  A literature search yielded little on the direct effects of coal mine 
drainage on parasitic life stages.  There is plenty of literature on how coal mining and other pollutants 
affect populations of intermediate host groups (Pond et al., 2008; Lang, 1984; Pond, 2010), so the 
disappearance of host species is likely. Balls Forks infection rate and parasites per fish both seem to be 
much higher than that of Carr Fork, but both areas are heavily affected by coal mine drainage.  It should 
be noted that 83.1% of parasites collected from fish caught at Balls Fork came from 3 fish (7.0% of fish at 
Balls Fork). If we remove these three statistically outliers from the equation, parasites per fish decreases 
to 0.275, second lowest next to Carr Fork at 0.185. Infection rate also drops to 15%, also second lowest 
of any stream next to Carr Fork.  Different types of pollution have different effects on populations of 
parasites (Mackenzie, 1999).  Again, there is little information on how coal mine drainage reduces 
parasite populations and less on specific intestinal populations.  Mackenzie (1999) documents the 
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effects of heavy metals, acid precipitation, and industrial effluents on parasite population.  Effects are 
likely to be similar in surface-mine damaged streams, which typically have increase heavy metals, 
altered pH, and increased nutrient concentrations.  There needs to be more specific work done to 
determine how parasites change with pollution sources.  
Rock Fork and Beaver Creek had mean parasite loads higher than in Devils Fork, the reference 
stream in the Licking River watershed.  Each of these streams were impaired by agricultural use in 
surrounding lands.  Rock Fork was completely surrounded by farmland including pastures for animal 
grazing and growing crops.  Beaver Creek had mostly pastures for grazing on one side and heavily 
forested areas on the other.  Devils Fork was surrounded by forested area.  Eutrophication was indicated 
by the EPA for Rock Fork but not for Beaver Creek, but none of our results indicated excessive nutrient 
loading.  Mackenzie (1999) showed most parasite classes experience population increases in the 
presence of eutrophication.  Our results seem to fall in line with Mackenzie. The fact that our results 
showed little evidence of eutrophication in either of the impacted streams is confusing given the 
difference in communities. 
Parasite Diversity and Water Quality 
 Some studies suggest that parasite diversity is directly related to the diversity of definitive and 
intermediate host species (Anderson and Sukhdeo, 2013; Hechinger and Lafferty, 2005).  Surprisingly, 
definitive host species in our study, as measured by inverse Simpson index, trended inversely with 
minnow intestinal parasite species diversity (Figure 6, p=0.005891). Overall, the diversity in the North 
Fork Kentucky River watershed was lower than that of the Licking watershed. There were no digeneans 
or nematodes found in the North Fork Kentucky River watershed during this study.  As previously 
mentioned, parasites have multiple life stages requiring different host species.  The lack of Allocreadium 
and Textrema in the North Fork Kentucky River watershed indicates that there could be a lack of those 
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intermediate hosts.  Both of the genera above use benthic mollusks as their first intermediate hosts 
(Wooton, 1957; Hoffman, 1999).  Coal mine drainage can negatively affect populations of native 
mollusks, particularly mussels (Diamond et al., 2002).  Testing soil concentrations of nutrients may have 
been a good way to determine the extent of possible effects on intermediate species.  Nematode 
parasites were also absent from the intestines of minnows in North Fork Kentucky River sites.  These 
nematodes of the genus Rhabdichona do not have a free-living stage, but they still were not found in 
any capacity.  Having no free-living stage suggests the only solution as being a lack of intermediate 
hosts.  Mayflies commonly serve as intermediate hosts for the parasitic nematode genus Rhabdichona 
Hoffman, 1999).  Pond (2010) found that coal mining influence on streams can greatly reduce mayfly 
populations. The reduction of mayfly populations would lead to a decrease in Rhabdichona as well.  
Most digeneans have one or two life cycle stages outside the protection of host species where 
they are exposed directly to environmental contaminants.  There is potential that not only are the 
intermediate host species being affected, but also the free-living stages of digeneans.  Miracidia and 
cercariae can be free swimming (Wooton, 1957; Schell, 1970; Hoffman, 1999).  It is possible for cercariae 
to die off in the short free swimming period if environmental conditions are poor enough (Reddy et al., 
2004), but there is little research on the possible direct effect on the miracidium stage.  The conditions 
for Balls Fork and Carr Fork certainly qualify as very poor because conductivity, sulfate, and alkalinity 
were well above mean readings for the area (Davis and Reeder, 2001).  We also did not find any 
digeneans or nematodes in the pristine location of Middle Quicksand Creek.  We sampled fairly close to 
the mouth where Middle Quicksand Creek connects to Quicksand Creek which is impacted by coal mine 
drainage, however, the diversity in this area was higher than that of the other two.  
The sites in the Licking River watershed had higher diversity in each location than any location in 
North Fork Kentucky River watershed.  This was due mostly to the presence of two genera of digeneans 
and two groups of nematodes.  Only one of the two nematode groups was identified to genus, the other 
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was accidental (Hoffman, 1999) but still seemed to be surviving in the gut of minnows.  Beaver Creek 
and Devils Fork had nearly identical parasite Inverse Simpson indexes.  Based on similar Simpson 
indexes, Beaver Creek seems to be functioning as a normal ecosystem with respect to diversity but 
definitive hosts may still be affected by water chemistry.  Rock Fork, however, had poor diversity and 
was dominated by the presence of Allocreadium, which accounted for 73 out of 101 recovered 
specimens.  Interestingly, Rock Fork had more genera represented than the reference site of Devils Fork.  
Worth noting is that cestode populations in Licking River streams were much lower than populations in 
North Fork.  The low population could also be a case of life cycles being interrupted.   Dodds and Welch, 
(2000) found that eutrophication can alter many populations of invertebrates but has little effect on 
mollusks.  As mentioned above, mollusks are a typical intermediate host for Allocreadium, so it makes 
sense that their populations are not as effected by eutrophication.  However, arthropods are the second 
intermediate host for Allocreadium and small fish for Textrema.  During dissection, arthropod remains 
seemed to be much more common in intestines of fish than other small fish but occasional fish remains 
were seen. The findings from dissection could possibly be that only the larger dissected minnows fed on 
fish with any frequency.  
 Indexes of Biotic Integrity can be useful tools for assessing stream degradation but can 
represent an incomplete picture of the stream when they only take into account fish species (Shields et 
al., 1995). Parasites could be a way to more precisely infer on the health of stream ecosystems 
(Landsberg et al., 1998). Our KIBI scores did not show any statistical significances in relation to any 
measure of parasites populations. However, Figure 7 shows that there could be a relationship between 
the two measures. Our small sample size limited the statistical power of our predictive models.  
Increasing the number of streams could prove useful in further elaborating a relationship between KIBI 
and intestinal parasite diversity. Adding parasites into the equation to represent further diversity in 
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streams may increase accuracy in such measures. The correlation could indicate a need to incorporate 
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Table 1. Stream location for six study sites in eastern kentucky 
Stream Dates Collected Water Quality Latitude Longitude (W) Area (km2) 




















































Table 2. Diversity of macroparasites from each location. 



































Table 3. Fish counts and species used to calculate KIBI for the Licking River Streams 
Devils Fork Rock Fork Beaver Creek 
Fish Species 
Number of 
Individuals Fish Species 
Number of 
Individuals Fish Species 
Number of 
Individuals 
Campostoma anomalum 6 Campostoma anomalum 35 Campostoma anomalum 430 
Luxilus chrysocephalus 12 Luxilus chrysocephalus 160 Luxilus chrysocephalus 330 
Lampetra aepyptera 1 Cyprinella spiloptera 31 Labidesthes sicculus 1 
Notropis buccatus 35 Notropis buccatus 36 Notropis buccatus 13 
N. photogenis 89 N. photogenis 35 N. photogenis 32 
Pimephales notatus 4 N. boops 6 Pimephales notatus 130 
Semotilus atromaculatus 34 Lythrurs fasciolaris 20 Semotilus atromaculatus 15 
Hypentelium nigricans 11 Pimephales notatus 65 Hypentelium nigricans 11 
Catostomus commersoni 3 Semotilus atromaculatus 7 Catostomus commersoni 9 
Cottus bairdii 46 Hypentelium nigricans 6 Lepomis macrochirus 8 
Lepomis machrochirus 1 Catostomus commersoni 16 L. megalotis 12 
Lepomis megalotis 12 Moxostomus dusquesni 2 Ambloplites rupestris 3 
Ambloplites rupestris 2 Lepomis machrochirus 4 Rhynichthys atratulus 1 
Etheostoma blennioides 1 Lepomis megalotis 8 Etheostoma blennioides 4 
E. flabellare 3 Lepomis cyanellus 1 E. nigrum 13 
E. nigrum 55 Ambloplites rupestris 12 E. caeruleum 57 
E. zonale 1 Etheostoma blennioides 1 Percina caprodes 21 
E. caeruleum 25 E. flabellare 3 Cottus bairdii 1 
Percina caprodes 3 E. nigrum 2 Esox masiquinongy 1 
Percina maculata 1 E. caeruleum 4 









Table 4. Fish counts and species used to calculate KIBI for the North Fork Kentucky River Streams 
Middle Fork Quicksand Creek Balls Fork Carr Fork 
Fish Species 
Number of 
Individuals Fish Species 
Number of 
Individuals Fish Species 
Number of 
Individuals 
Campostoma anomalum 3 Campostoma anomalum 3 Campostoma anomalum 18 
Luxilus chrysocephalus 65 Luxilus chrysocephalus 70 Luxilus chrysocephalus 55 
Lythrurus fasciolaris 18 Lythrurus fasciolaris 20 Notropis buccatus 85 
Notropis buccatus 19 Notropis buccatus 50 N. stramineus 35 
N. rubellus 55 N. photogenis 45 Pimephales notatus 35 
Pimephales notatus 18 N. stramineus 24 Semotilus atromaculatus 11 
Semotilus atromaculatus 16 Pimephales notatus 30 Hypentelium nigricans 3 
Hypentelium nigricans 5 Semotilus atromaculatus 9 Micropterus dolomieu 1 
Moxostoma erythrurum 2 Moxostoma erythrurum 1 Lepomis macrochirus 1 
Lepomis cyanellus 1 Micropterus dolomieu 2 Ambloplites rupestris 1 
Micropterus dolomieu 2 Lepomis megalotis 1 Etheostoma caeruleum 7 
Etheostoma baileyi 14 Etheostoma nigrum 1 E. nigrum 17 
E. flabellare 8 
  
E. flabellare 5 
E. nigrum 43 
    E. spilotum 4 
    E. caeruleum 1 
    Lepomis megalotis 3 
    Percina maculata 1 







Table 5. Water quality measure for every sample taken from six study sites. Some measures were not collected (NC) due to equipment failure 























(mg/L) Temp  (C⁰) 
RF(3/8/14) 1 0.08 0.050 0.057 0.043 15.4 5.6 NC 50 0.62 BR 8.9 
RF(3/8/14) 2 0.09 0.116 0.134 0.055 15.0 6.4 NC NC 0.78 BR NC 
RF(3/8/14) 3 0.10 0.072 0.040 0.041 16.3 6.1 NC NC 0.64 BR NC 
DF(3/15/14) 1 0.07 0.044 0.153 0.065 22.3 10 NC 80 0.27 BR 6.0 
DF(3/15/14) 2 0.07 0.014 0.096 0.049 22.2 10.8 NC NC 0.25 BR NC 
DF(3/15/14) 3 0.08 0.022 0.067 0.025 21.4 11.6 NC NC 0.36 BR NC 
BC(4/13/14) 1 0.04 0.033 0.069 0.017 18.2 80.2 7.72 208 0.36 BR 13.66 
BC(4/13/14) 2 0.04 0.001 0.047 0.033 18.7 80.8 6.82 206 0.24 BR 13.66 
BC(4/13/14) 3 0.04 0.036 0.061 0.021 19.1 80.6 7.06 206 0.3 BR 13.66 
RF(5/14/14) 1 0.04 0.082 0.043 0.052 15 12.5 7.01 114 0.33 BR 20.23 
RF(5/14/14) 2 0.04 0.072 0.097 0.052 14.8 13.3 7.06 113 0.39 BR 20.08 
RF(5/14/14) 3 0.05 0.046 0.257 0.061 14.5 13.5 6.99 112 0.51 BR 19.98 
DF(4/19/14) 1 0.04 0.067 0.181 0.112 24.6 16.5 NC 90 0.62 BR 14.4 
DF(4/19/14) 2 0.04 0.054 0.153 0.14 24.1 17.1 NC NC 0.56 BR NC 
DF(4/19/14) 3 0.04 0.074 0.067 0.11 23 17.5 NC NC 0.37 BR NC 
BC(5/27/14 1 0.04 0.018 0.094 0.055 23.8 103.8 8.25 276 0.36 BR 22.28 
BC(5/27/15 2 0.04 0.074 0.113 0.035 23.7 103 8.33 275 0.3 BR 22.37 
BC(5/27/16 3 0.04 0.065 0.092 0.062 23.9 104.8 8.36 272 0.36 BR 22.34 
CF(6/3/14) 1 0.13 0.132 0.111 0.081 170.5 136 7.99 583 0.35 BR 20.82 
CF(6/3/14) 2 0.13 0.095 0.095 0.077 166 139.6 8.14 582 0.47 BR 20.83 
CF(6/3/14) 3 0.15 0.098 0.18 0.074 166.3 137.6 8.16 582 0.41 BR 20.83 
MQ(6/3/14) 1 0.08 0.095 0.228 0.255 36.6 60 7.76 184 0.54 BR 22.4 
MQ(6/3/14) 2 0.07 0.122 0.347 0.217 35.6 61.2 7.72 182 0.37 BR 22.26 
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MQ(6/3/14) 3 0.08 0.095 0.452 0.23 35.5 60.8 7.85 184 0.42 BR 22.51 
BF(6/3/14) 1 0.14 0.365 0.081 0.026 578 116 8.26 1188 0.49 BR 20.7 
BF(6/3/14) 2 0.15 0.333 0.043 0.026 605 114 8.25 1189 0.4 BR 20.71 
BF(6/3/14) 3 0.13 0.359 0.037 0.04 601 115.2 8.13 1189 0.47 BR 20.7 
CF(6/22/14) 1 0.13 0.022 0.136 0.034 146.8 128.4 7.6 636 0.43 BR 22.01 
CF(6/22/14) 2 0.13 0.023 0.144 0.054 167 134 7.76 636 0.58 BR 21.99 
CF(6/22/14) 3 0.15 0.019 0.106 0.059 168.8 131.2 7.81 636 0.34 BR 21.99 
MQ(6/22/14) 1 0.06 0.051 0.067 0.23 26.2 48.4 7.2 158 0.41 BR 23.2 
MQ(6/22/14) 2 0.07 0.052 0.048 0.219 26.7 47.8 7.31 157 0.47 BR 23.18 
MQ(6/22/14) 3 0.07 0.012 0.048 0.236 26.7 47.2 7.37 158 0.54 BR 23.24 
BF(6/22/14) 1 0.11 0.068 0.092 0.027 601 110 7.88 1262 0.33 BR 23.11 
BF(6/22/14) 2 0.12 0.039 0.153 0.037 624 116 7.84 1261 0.4 BR 23 








































Figure 1. Nitrate has a negative correlation with 





























Figure 2. Parasites per fish related to ammonia concentrations 

























 Paulisentis sp. 
 
 
Phylum: Nematoda, No Pictures 
 
